The aim of this case report was to evaluate the psychiatric co-morbidity and efficacy of mirtazapine treatment in young subjects with chronic or cyclic vomiting syndromes. This is a case series of 8 young subjects (age range of 6-16 years, 11.12 ± 3.52 years) who were referred or consulted to child psychiatry department. They were referred or consulted by pediatric gastroenterology or surgery departments for the presence of non-remitting and medically unexplained vomiting. They were investigated for co-morbid psychiatric disorders using a structured psychiatric interview. An open trial of mirtazapine was conducted for the treatment and/or prevention of vomiting. Primary outcome measure was Clinical Global Impression-Improvement scale. Subjects were diagnosed with chronic (n = 5) or cyclic (n = 3) vomiting syndromes. Duration of vomiting ranged from 6 months to 10 years (3.5 ± 3.2 years). All subjects received multiple psychiatric diagnoses with anxiety disorders being the most frequent. Maximum mirtazapine dosage was 7.5-30 mg/day (16.00 ± 6.16 mg/day). Three subjects showed complete remission and 5 subjects showed much to very much improvement in vomiting. Most frequent side effects were increased appetite, weight gain and sedation. Young subjects with chronic or cyclic vomiting may frequently suffer anxiety and/or depressive symptoms or disorders. Mirtazapine could be an effective treatment option for the treatment of vomiting and co-morbid anxiety or depressive disorders in these subjects. More systematic research are needed on this topic. 
Introduction
Childhood functional gastrointestinal disorders (FGIDs) include a variable combination of often age-dependent, chronic or recurrent symptoms not explained by structural or biochemical abnormalities. 1, 2 FGIDs are common both in general and clinical populations. [3] [4] [5] Although they are usually not life threatening, they may persist in the majority of those affected, resulting in significant distress in social, family and academic lives of the sub-jects, cost to the health care system and to the individual sufferer, as well as reduced quality of life. 5, 6 Functional vomiting (FV) and cyclic vomiting syndrome (CVS) are well known examples of FGIDs among young and adult populations. 1, 7 FV, as defined in adults by the Rome III diagnostic criteria, is vomiting of at least 3 months, which need not to be consecutive, in the preceding year with at least 3 separate vomiting episodes in a week. It is found in the absence of obvious metabolic, structural or psychiatric disorders which could explain the vomiting. 7 CVS is defined in adults or children as a dramatic clinical syndrome characterized by intense episodes of vomiting lasting over a period of days with alternating periods of intense quiescence. 1, 8 Because the definition of FV in Rome III classification does not include children, we preferred to use chronic vomiting (without organic causes) instead of FV throughout the text. 8 There are several lines of evidence that individuals with FGIDs may also frequently suffer from several psychiatric disorders or symptoms. A number of studies with adult subjects reported high prevalence of anxiety disorders and depression in individuals with FGIDs. 5, [9] [10] [11] [12] [13] However FGIDs such as chronic vomiting or CVS in children and adolescents remain an understudied area and data regarding psychological characteristics of young subjects with FGIDs are limited in the literature. A recent study reported that children and adolescents with CVS are at high risk for internalizing psychiatric symptoms or disorders such as anxiety or affective symptoms. 14 Meanwhile there is no clear consensus on the treatment of chronic vomiting or CVS in young subjects. There have been a number of studies reporting the efficacy of several pharmacological agents in the treatment or prophylaxis of CVS in children. 8, [15] [16] [17] [18] [19] [20] The present study is case series that aim to report the psychiatric co-morbidity and efficacy of mirtazapine treatment in children and adolescents with chronic vomiting or CVS.
Case Series

Participants
This is case series of 8 young subjects who were referred or consulted to child psychiatry department. They were referred or consulted by pediatric gastroenterology or surgery departments for the evaluation of a non-remitting and medically unexplained vomiting. All subjects in this study had vomiting for a long period (up to 10 years) causing serious consequences on physical health and significant distress with impairments in social, family and academic lives. They had been investigated by pediatric gastroenterology, surgery and neurology departments in a faculty hospital but no significant medical cause was detected to explain vomiting and vomiting usually did not respond to several antinausea/antiemetic/prokinetic agents. Before psychiatric referral, all subjects took general physical and neurological examinations, gastrointestinal endoscopies, blood tests; 6 subjects had additional brain imaging and 5 subjects had additional electroencephalogram (EEG).
Vomiting showed no or little improvement with several antinausea/antiemetic/prokinetic agents (such as metoclopramide, cyproheptadine, lansoprazole, antihistamines, trimethobenzamide and other antacids) in 6 subjects, selective serotonin reuptake inhibitors (SSRIs) monotherapy in 3 subjects, and SSRIs plus imipramine or olanzapine combinations in 2 subjects.
Assessments
Because they were referred or consulted after detailed medical investigations had been done we did not order further medical investigations. Diagnosis of CVS was made according to Rome III classification of FGIDs.
1 Diagnostic psychiatric interview was conducted using Schedule for Affective Disorders and Schizophrenia for School Age Children-Present and Lifetime Version-Turkish Version (K-SADS-PL-T). 21 The K-SADS-PL is a semi-structured diagnostic interview designed to assess current and past episodes of Diagnostic Statistical Manual of Mental Disorders-IV (DSM-IV) psychiatric disorders in children and adolescents. Psychometric assessment was conducted using Wechsler Intelligence Scale for Children-Revised (WISC-R). After diagnostic interviews, an open trial of mirtazapine was conducted using initial dosages of 7.5 or 15 mg/day. All parents were asked for their informed consent before initiation of mirtazapine treatment. The severity of symptoms and efficacy of mirtazapine treatment were assessed with Clinical Global Impressionseverity (CGI-S) and improvement (CGI-I) scales. A side effect checklist was used to ascertain treatment related side effects.
Results
Subjects were 3 boys and 5 girls with an age range of 6-16 years (11.12 ± 3.52 years). Duration of vomiting ranged from 6 months to 10 years (3.5 ± 3.20 years). Subjects were diagnosed with chronic vomiting (n = 5) or CVS (n = 3). Clinical characteristics of the subjects is presented in Table. Life time DSM-IV diagnosis among subjects included; sep- Subsequent to the onset of depression. Related to psychosocial stressors most of the time. 5-10 times of vomiting in a day for the last year.
Unrelated to feeding. Started subsequently to the onset of depression. 20-30 times of vomiting in a day during the last week of each month since the age of 3. Totally asymptomatic between episodes. Binge eatings was followed by vomiting episodes. 2-6 times of nausea/vomiting in a day lasting for 2-3 days with symptom free period of 2-6 weeks since the age of 4. 5-6 times of vomiting a day lasting for 2 or 3 days for the last 2 years. Vomiting was frequently preceded by abdominal pain, and crying. Symptoms were relieved by vomiting. Few times of vomiting a day for the last 6 months.
Frequently preceded/accompanied by nausea and abdominal pain. Vomiting emerged near the onset of depression. DSM-IV, diagnostic statistical manual of mental disorders-IV; CGI, clinical global impression; SAD, seperation anxiety disorder; SP, special phobia; GAD, generalized anxiety disorder; PD, panic disorder; OCD, obsessive-compulsive disorder; SoAD, social anxiety disorder; SPD, somatoform pain disorder; AF, agoraphobia; ADHDi, attention deficit hyperactivity disorder, inattentive type; MDD, major depressive disorder; DD, dysthymic disorder; NE, nocturnal enuresis; GAD, generalized anxiety disorder; MMR, mild mental retardation; CMT, chronic motor tics; CD, conversion disorder.
aration (n = 5), social (n = 4) and generalized anxiety (n = 2), major depressive (n = 3), dysthymic (n = 1), obsessive-compulsive (n = 3), panic (n = 1) and attention deficit (n = 3) disorders, special phobia (n = 4), nocturnal enuresis (n = 2), somatoform pain disorder (n = 1), agoraphobia (n = 1), conversion disorder (n = 1) and chronic motor tics (n = 1). Two subjects had subsendromal generalized and social anxiety disorders. No one among the subjects had self-induced vomiting nor received diagnosis of an eating disorder except for 1 subject (case 5) who had binge eating during the next few days following intense vomiting episode. Three of the subjects were determined to have mild mental retardation upon psychometric evaluation using WISC-R. Regarding significant medical history, one of the subjects (case 5) had musculoskeletal dysplasia and another one (case 2) had congenital cataract that required a series of surgical operations and club foot. Maximum mirtazapine dosage was 7.5-30 mg/day (16.00 ± 6.16 mg/day). The duration of mirtazapine treatment was 4-8 months (5.25 ± 1.28 months) at the time of evaluation for the study. Three subjects showed complete remission of vomiting and 5 subjects showed much to very much improvement on CGI-I scale regarding intensity, frequency and/or number of vomiting per day. Vomiting disappeared or improved within a week in 5 subjects who received diagnosis of chronic vomiting. Mirtazapine was significantly effective in reducing intensity, duration and number of vomiting per day in remaining 3 subjects with CVS. Medication was discontinued in 7 subjects during follow up and vomiting relapsed within 2 to 16 days in all subjects. However vomiting disappeared or improved with readministration of mirtazapine in all of them.
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Side effects possibly related to mirtazapine treatment included increased appetite (n = 5), weight gain (n = 4; 2-4 kg, mean 2.75 ± 0.95 kg), day time sedation (n = 4), headache (n = 2), dry mouth (n = 2), urinary frequency (n = 1), dizziness (n = 1) and irritability (n = 1). Two subjects reported no or very mild side effects. Only 1 subject required dosage reduction due to side effects. Meanwhile increased appetite and weight gain were, in fact, desirable clinical outcome in 3 subjects as they were underweight possibly due to unremitting vomiting.
Three subjects (cases 1, 6 and 7) continued their previously prescribed antiemetic/prokinetic/antacid agents.
Typical Cases 1 and 5
We present the clinical picture and follow up of 2 sample cases (cases 1 and 5).
Case 1
A 12 year-old boy presented with vomiting of several times everyday with or without preceding nausea since the age of 2. He had been investigated extensively in a university hospital for several times and treated with several agents including metoclopramide, lansoprazole, antihistamines, trimethobenzamide and other antiacids. However no significant cause was detected and no improvement was made. He developed acute and severe hematemesis and hematochesia at the ages of 10 and 12. He was admitted and diagnosed with Mallory Weiss Syndrome (characterized by esophageal bleeding caused by a mucosal tear in the esophagus as a result of forceful vomiting or retching). Moreover he had been undergone 2 surgical exploration/operations during the last year without any improvement or significant cause to explain vomiting. He was then consulted to child psychiatry during hospitalization in pediatric gastroenterology clinic. His psychiatric examination revealed separation anxiety disorder and special phobia. His psychometric evaluation revealed a normal intellectual capacity. His previous neurological examination, EEG and brain imaging was all within normal limits. He was given a provisional diagnosis of chronic vomiting and was started on mirtazapine 15 mg/day at bedtime. His vomiting stopped on the third day of treatment and he did not have vomiting for the subsequent 5 days and he was discharged. However the mother discontinued medication for an unknown reason after the discharge and his vomiting reemerged. He was then admitted to pediatric gastroenterology and reconsulted to child psychiatry. He was restarted on mirtazapine 15 mg/day at bedtime and vomiting stopped at the second day of treatment. He did not have vomiting for the subsequent week. He was discharged and referred to child psychiatry with a diagnosis of chronic vomiting. He did not have any vomiting and was able to eat normally during the next 8 months of follow up. He did not report any significant side effects related with mirtazapine treatment except for a weight gain of 3 kg.
Case 5
An 8 year-old girl was referred by pediatric gastroenterology department due to persistent unexplained vomiting. She reported vomiting of 20-30 times a day during the last week of each month for the last 5 years. It was projectile, non self-induced, and started within the first 3 days of the last week of each month and lasted for 5-7 days. The vomiting disappeared spontaneously and she has been totally symptom free between vomiting episodes. Her repeated endoscopic examinations did not reveal significant findings except for esophagititis which was considered as a consequence of vomiting. Her cranial magnetic resonance imaging and EEG were within normal limits. She has been treated with several agents including lansoprazole, metoclopramide, trimethobenzamide and other antacids for 3 years without any improvement. She had been treated with fluoxetine for her anxiety symptoms for 4 months. Although her anxiety symptoms showed moderate improvement with fluoxetine, no improvement was reported in vomiting episodes.
She was given the diagnosis of musculoskeletal dysplasia at the age of 4 with a current height of 90 cm and weight of 20 kg. Her psychiatric examination revealed social phobia, generalized anxiety, obsessive-compulsive and attention-deficit disorders and binge eating episodes following vomiting episodes. Her psychometric evaluation revealed mild mental retardation. She was given a diagnosis of CVS and started on mirtazapine 15 mg/day at bedtime on the 25th day of the month. Her vomiting episode started on the next day with usual severity and lasted 5 days. However we continued medication and she did not have any vomiting during the next month. The mother reported that this was the first time that she did not have vomiting over the last 5 years. She developed increased appetite and some level of sedation related to mirtazapine treatment and gained 2 kg within 6 weeks. Therefore we planned to discontinue mirtazapine on the fifth day of the month and to restart it on 20th day to prevent vomiting episode at the end of the month and to avoid side effects. However she developed a milder vomiting episode on the 15th day of the month which lasted 4 days. This was the first time that vomiting episode occurred on the mid of a month. We restarted mirtazapine 15 mg/day and continued medication for the next 4 months. The number and intensity of vomiting showed very much improve-ment. She had milder vomiting for several times during the episodes. She reported some level of day time sedation and increased appetite related to mirtazapine treatment and gained one more kilogram.
Discussion
Management of chronic vomiting or CVS may be troublesome for clinicians and should generally involve both pharmacological and non-pharmacological (ie, psychosocial) interventions. A literature review showed that several pharmacological agents, such as valproate, barbiturates, cyproheptadin, amitriptyline, propranolol, erythromycin and L-carnitine have been useful in the management of children with CVS. [15] [16] [17] [18] [19] [20] Mirtazapine is a second generation antidepressant which has both noradrenergic and serotonergic properties with higher antagonistic effect on 5-HT 3 receptors. 22 A literature review showed that mirtazapine has been reported as an effective antinausea/antiemetic agent in several groups of adult patients with nausea and vomiting related to depression, 23 non-mechanical vomiting after gastric bypass, 24 chemotherapy related nausea and vomiting, 25, 26 SSRIs related nausea, 27 treatment resistant hyperemesis gravidarum 28 and postoperative nausea and vomiting. 29 Moreover, mirtazapine was reported to be effective in reducing nausea and vomiting as rapid as within a few days of treatment. 23, 24, 28 The neurotransmitters which are involved in the initiation or maintenance of vomiting have been poorly studied, but dopamine, serotonin, neurokin, histamine and vasopressin have been suggested to be involved in the development of nausea and vomiting, of which 5-HT 3 and dopamine have been widely accepted as critical neurotransmitters. 30 It has been suggested that the antagonism of 5-HT 3 receptor by mirtazapine results in an antiemetic effect which may explain the efficacy of mirtazapine in the treatment of vomiting in adult patients described above.
23-29
The vomiting and its consequences had a significant impact on medical and mental health, and social, family and academic lives in these subjects. Majority of them needed frequent outpatient or inpatient medical treatments or interventions. We made the diagnosis of chronic vomiting or CVS depending on the medical history, clinical presentation and psychiatric examination. Given the detailed inconclusive medical investigations conducted in a university hospital, we assume that subjects had no significant medical conditions to cause unremitting vomiting.
Mirtazapine was commenced targeting both chronic vomiting or CVS and co-morbid anxiety/depressive disorders in these subjects. Our rationale on selecting mirtazapine was (1) the presence of previous reports describing the efficacy of mirtazapine as an effective antinausea/antiemetic agent in several groups of adult patients described above [23] [24] [25] [26] [27] [28] [29] and (2) presence of several studies reporting the efficacy and generally good tolerance of mirtazapine in young subjects with anxiety or depressive disorders. [31] [32] [33] [34] Mirtazapine was significantly effective in the treatment or prophylaxis of chronic vomiting or CVS in these subjects. While 3 subjects showed complete remission, 5 subjects showed much to very much improvement in vomiting. Mirtazapine was generally tolerated well in these subjects. However we discontinued mirtazapine in 7 subjects during follow up and vomiting relapsed, but responded to readministration of medication in all cases. It is important to note that relapse of vomiting after discontinuation may limit the use of mirtazapine as a long term treatment. Rather mirtazapine could be considered for acute treatment of unremitting and disabling vomiting while patients are being prepared for psychosocial interventions as a long term maintenance and preventive intervention.
While there have been several reports that tricyclic antidepressants (TCA) may be useful in the prevention of attacks of cyclic vomiting in children 15 or adult patients, 35 ,36 a previous study reported that antidepressants would not be helpful in the prophylaxis of CVS in children. 17 However it is important to note that mirtazapine differs from SSRIs or TCAs in terms of pharmacological properties. Mirtazapine has a higher antagonistic effect on serotonergic receptors, particularly 5-HT 3 receptors. 22 This is opposite of SSRIs and TCAs that block reuptake pumps for serotonin, norepinephrine or dopamine in varying degrees. 37 SSRIs are themselves known to cause nausea 27,37 and they were not effective in the treatment or prevention of vomiting in 5 subjects. It is important to note that SSRIs had been used for primarily anxiety and/or depressive disorders in these subjects for 1 to 5 months. However as we experienced good results with mirtazapine in the treatment of chronic vomiting in few cases, we later switched SSRIs into mirtazapine in these subjects. On the other hand, TCAs do not share the dopamine D2 or 5-HT 3 receptor blockades of superior antiemetics. 35, 37 but they may participate in attenuating the nausea/vomiting response through their other receptor actions (blockade of muscarinic cholinergic and H 1 histamine receptors). 35, 37 However, a 2 months trial of SSRI/imipramine combination for anxiety disorders and nocturnal enuresis was not effective in reducing vomiting in 1 subject with chronic vomiting (case 2). Therefore it could be suggested that the potent antagonistic effect of mirtazapine on 5-HT 3 receptors may clinically provide us an antidepressant-antianxiety medication with good antinausea/antiemetic effects. Several psychiatric disorders or psychological stress are widely believed to have a major role in FGIDs in adult and young populations. 5, [9] [10] [11] [12] [13] [14] It has been suggested that a link exists between anxiety and the gastrointestinal tract. This is evident in studies examining the effects of stress on gastrointestinal function and also in studies assessing psychopathology in patients with FGIDs which demonstrate a high prevalence of anxiety disorders and depression in these individuals. 5,9-14 A previous study of children and adolescents with CVS reported that those children are at high risk for internalizing psychiatric symptoms or disorders such as anxiety or affective symptoms. 14 However this study used unstructured questionnaires and called for the necessity of structured diagnostic interview. The results of our study regarding psychiatric symptoms or disorders are generally consistent with literature. The most frequent life time DSM-IV diagnosis were anxiety disorders (n = 7) followed by depressive, obsessive compulsive and attention deficit disorders. If the subjects with subsyndromal, generalized and social anxiety disorders were included, all subjects would have life-time diagnosis of at least 2 anxiety disorders. Meanwhile vomiting emerged at the same time or subsequent to the onset of depression in 3 subjects. This may further suggest a link between depression and vomiting as previously reported in adult patients. 9, 23 However, more researches are needed regarding the relation between anxiety/depression and FGIDs among young population. The presence of mental retardation in 3 and chronic medical problems in 2 subjects may have contributed to the difficulties in coping with emotional, interpersonal and daily life stressors that would predispose them for functional/somatic symptoms. This study was a descriptive case series suffering from several limitations such as small sample size and uncontrolled study design. In addition, because this study included a small clinical sample of young subjects with chronic vomiting or CVS, clinical characteristics of these subjects may not reflect the general population. However, despite these limitations, this study may contribute to the understanding and management of young subjects with chronic vomiting or CVS. Young subjects with chronic vomiting or CVS may frequently suffer from anxiety and/or depressive disorders. A timely psychiatric consultation may help to identify and treat possible psychiatric disorders and prompt psychopharmacological treatment of unremitting vomiting. Mirtazapine could be a treatment option in these subjects particularly in the presence of anxiety/depressive disorders. Further well-designed, placebo controlled studies with larger samples are needed on this topic.
